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Specification 



1. Title 

Field Emission Electrodes 



2. Claims 

(1) Field emission electrodes fl comprising: 
a sharply pointed emitter tip, and 
a gate, layer 

that has a hole that exposes the tip of said emitter tip therethrough, and 

mat is insulated from said emitter tip, 
said emitter tip and said gate layer constituting electrodes in vacuum, 
said emitter tip emitting electron beams through said hole when a negative, hich 
enough voltage with respect to said gate layer is applied to said emitter tip so that 
the Schottky effect takes place, 



characterized by 



a surface layer formed on top of the surface of said tip of said emitter tip facing 
sard hole using a material that has a lower work function than the work function 
of the material forming the main body of said emission tip. 



3. Detailed Description of The Invention 
[Field of the Invention] 

The present invention relates to field emission electrodes that emits 
electron beams by field emission. 

(Description of Prior Art] 

There are electronic apparatus, analysis devices, light sources, displays and 
so on that need electron beam sources. These utilize electron emission from 
surface of solid to vacuum or electron injection from solid to solid. 

The electron beam sources are broadly classified into two groups: one 
group uses thermal electron emission, and the other field emission. When a metal 
having a high me.lring point such as tungsten is heated up to a sufficiently high 
temperature, free electrons in it are thermally excited and emitted from the 
surface of the metal. This phenomenon is referred to as the thermal electron 
emission. The cathode utilized in this phenomenon is called the hor. cathode. Hot 
cathodes are widely used because electrons can be extracted relatively easily. 
They have, however, some drawbacks, which are described below. 

A hot cathode made of tungsten gives rise, ro an emission current density 
that increases exponentially as shown in Kg. 3 as temperature increases. For 
obtaining a desired emission current density, the hot cathode is heated up with a 
heater or by joule heat of its own to an appropriate temperature. Accordingly, 
the resistance must be adjusted to obtain the appropriate temperature. Energy loss 
is large because it utilizes joule heat. Furthermore, the material of the hot cathode 
evaporates and degrades because it is raised to high temperatures. A. preferred 
elecLron beam source for analysis and light source has an energy distribution 
concentrated at a certain energy: that is, all emitted electrons must have almost 
the same energy. In these applications high efficiency and high current density 
are required. On the contrary, however, thermal electron emission exhibits an 
energy distribution of approximately 2 eV in half- width, and produces only ? 0 
AW. Furthermore, the efficiency is low as mentioned above. 

Field emission occurs when a strong electee field (ordinarily larger than 
10* V/mf2) ^ applied to a meal surface. This phenomenon occurs due. to the 
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Schottky effect in which electrons in the meal are emitted into vacuum by 
quantum mechanical tunnel effect through the potential barrier which is 
narrowed hy the electric, field. Since the electron emission takes place at room 
temperature, there is very little, thermal loss. Also, since the energy of the 
emitted electron depends on the applied electric field, the energy distribution is 
concentrated at a narrow energy region. Thus the field emission overcomes the 
drawbacks of the thermal electron emission. 

[Drawbacks of Prior Art To Be Addressed] 

Although field emission has advantages over thermal electron emission as 
mentioned above, it needs a high voltage, which causes a high cost. Thus, field 
emission has been applied to a limited number of expensive apparatus. 

The present invention, therefore, is directed to field emission electrodes 
that operate at a lower electric field dian conventional ones do. 

[Methods To Solve the Drawbacks] 

To solve the above-mentioned drawbacks, according to the present 
invention, a surface layer is formed on top of the emitter dp that faces the gate 
hole using a material which has a lower work function than the main body 
material of the emitter tip. 

[Function] 

The above-mentioned structure reduces the work function of the emitter tip 
surface, causing the work the electric field must do for electron emission to 
decrease. Accordingly, the electric field needed for field emission is reduced. 

More particularly, the emission current density for field emission is given 
by Fowler-Nordheim's formula shown below: 

J = (A F2/f2(y)) exp(-B v(y)^/F) t 

where A and B arc constants; t(y) and v(y) Nordheim's functions; f the electric 
field. 



V = PV, p^ftr.R, ^[cnr'j.and 



7*3J9xlO- 4 F 1/2 /fa 

where <p is the work function; r the diameter of the tip of the emitter tip cone; R 
the separation between the gate and emitter tip; and $ the angle of the tip of the 
emitter rip cone. Work functions depend on material. Those for tungsten W, 
molybdenum Mo, and tantalum Ta, for example, are: 

W: 4.5 eV 
Mo: 4.27 eV 
Ta: 4.12 eV 

The above equation suggests that if these materials are used for an emitter 
rip, the electric field of 10 7 V/cm between the emitter tip and the gate would 
induce electron emission from the tip of the emitter tip. Therefore, when the 
separation between the emitter dp and gate is 1 \im, the electric potential of 10 3 
V between them would allow for electron emission. Reducing the tip angle by 
sharpening the tip of the emitter tip increases the electron concentration on the 
tip. Thus, when the curvature of the tip is 500 A, the required electric field 
reduces by an order of magnitude, that is, the needed electric potential between 
the emitter tip and gate would be in the order of 10 2 V. 

The above-mentioned discussion indicates thai die electric field needed for 
electron emission from the emitter dp depends on the work function of the 
surface material of the emitter tip. According to the present invention, therefore 
a surface layer is formed on top of the emitter tip surface using a material having 
a low work function to enhance the electron emission. 

(Embodiment] 

The structure of the field emission electrodes of the present invention is 
shown in Fig. 1. It composes a substrate 12 of sufficiently doped, conductive 



silicon, ail insulating layer 13 of silicon dioxide, a conductive gate layer 14 of 
molybdenum on top of insulating layer 13. Through insulating layer 13 and gate 
layer 14 there is a hole 15 that leads to the surface of substrate 12. Inside the hole 
an emitter tip 16 is formed mainly with molybdenum. The emitter tip h covered 
with a surface layer 1 7 which is made of a material having a lower worK function 
than the main body of emitter lip 16. The materials to he used for surface layex 
17 are, for example, carbides sucn as TiC, NbC, and TaC. borides such as LaB^, 
and oxides such as BaO and SrO. Substrate 12 is approximately i mm thick and 
insulating layer 1 3 is approximately 1 pm thick. Ihe diameter of the hole is 
approximately 1 {im. 

Fig. 2 (a) illustrates how to fabricate the field emission electrodes. First, 
insulating layer 13 is formed by oxidizing the surface of silicon wafer substrate 
1 2. Then, molybdenum gate layer 14 of approximately 0.5 pm in thickness is 
deposited on tup of insulating layer 13 by vacuum deposition. Next, insulating 
layer 13 and gate layer 14 are etched to make hole 15. After a parting layer IS is 
formed as shown in Fig. 2 (b) by vacuum deposition, molybdenum is deposited 
on top of substrate 12 using electron beam deposition to form emitter tip 16. The 
process is shown in Fig. 2 (c). The emitter tip thus formed has com shape with a 
sharp point. Just before hole 15 is closed, a material different from the main 
body of emitter tip 16 is deposited to form a surface layer on top of the emitter 
tip. 14 Finally, removal of parting layer 18 as shown in Fig. 2 (J) completes the 
fabrication of the field emission electrodes. The basic part of this field emission 
electrodes fabrication process is described in C.A. Spindt et al, "Physical 
properties of thin film field emission cathodes with molybdenum cones'; J Appl 
Phys, vol. 4V, No 12, December 1976, pp. 5248-5263. In (he present embodiment 
emmer tip 16 has cone shape. The shape, however, can be wliisker, aciculurn, or 
others that have sharp points 

An emitter tip having a low work function may be obtained by forming an 
entire emitter tip in the above structure using a material thai has a low work 
function. Actually, materials that can be used for the emitter tip are very limited 
because they must be compatible with substrate 12. The materials must match m ' 
lattice constant, thermal expansion coefficient, direction of internal stress during 
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deposition and so on. In die case of silicon substrate 1 2 The suitable materials for 
emitter tip 16 are limited to molybdenum, tungsten, niobium, and so on. Tn rhis 
embodiment, surface layer 17 is deposited on the surface of the main body of 
emitter tip 16 which must be made of the. above materials. Therefore, the surface 
layer does not have to be compatible with the substrate and can be selected from a 
variety of materials to reduce the work function of emitter tip 16. 

The structure of field emission electrodes thus fabricated allows emitter tip 
16 ro have, a lower work function, which makes electron emission easier. In fact, 
the conventional work function is in order of 4 eV, while that of the present 
embodiment is about 2 eV. Thus, in order to obtain emission current, nf 10* 
A/cm 2 I 3 , the electric field required is 4.5 x 10 7 V/cm and 1.7 x 10 7 V/em. 
respectively. This results in the reduction of 1.7/4.5 in applied voltage provided 
other conditions are same, and the. applied voltage of 38 V may be used in stead 
of 100V as in the conventional case. 

[Advantages of the Invention] 

According to the. present invention, a surface layer is formed on top of the 
emitter tip that faces the gate hole using a material which has a lower work 
function than the main body material of the emitter tip. This structure lowers the 
work function of the emitter tip and the work needed for election emission, 
which leads to reduction of the electric field required for the field emission. 
Electron emission is achieved with a low voltage power supply. Hence the 
electron beam sources can be produced at lower cost and be readily applied to 
general apparatus that need electron beam sources. 

4. Description of Drawings 

Fig. 1 is a cross section showing the embodiment of the present invention. 
Hg. 2 shows a scries of processes for producing the. above. 
Fig, 3 shows the characteristic of thermal electron emission. 



12; substrate 

13: insulating layer 
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H: gate layer 
15: hole 
16: emitter tip 
17: surface layer 



Translator's note: 

tl : II is not clear if the claim is claiming "field emission electrodes" or "a field 
emission electrode. 

f2: In "10 x V/m," V was illegible, "x" may be 8. "V/m" may be "V/cm." (A 

possible error of the text.) 
13: In "10* A/cm 2 ," "x" was illegible. "x" may be 6. 
t4: After this scalenus die following sentence was added (Sep. 2, 1988): 

"The deposition of the surface layer may be performed by either physical 

deposition or chemical deposition." 
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